A system comprising of a digital infrared sensitive camera and high intensity infrared illuminator was used to track infrared reflective tape on a coaxial biopsy needle. Data was sent in real-time to a computer where needle position with respect to the desired path was displayed in 2D, enabling instant corrections in needle trajectory by the operator. In this preliminary study, two operators each performed 30 simulated computed tomography (CT) guided biopsies of targets within a phantom. The operators alternated between freehand and infrared guided techniques with the axial angular error statistically compared. The mean axial angular error significantly decreased for both operators for the infrared guidance technique compared to the freehand method. The operators found the 2D simulation and training system easy to learn and intuitive to use despite no prior training on the device. In this paper we also look at further developing the 2D system (used in the simulated CT biopsy trials) into a 3D needle tracking system. We consider what is involved in its integration into a volume rendering simulation and training module, which would allow real-time needle placement in any plane on simulated patient anatomy. The proposed simulation and training module would further help improve the operator's spatial reference, improve accuracy, increase confidence, decrease radiation exposure to the patient and help reduce the time it takes to perform a biopsy.
Introduction
Computed tomography (CT) is a process widely used in the medical field for imaging anatomic information from a cross-sectional plane of the body [1] . One useful application of CT is in guided surgical routines, where CT images assist in guiding the tools and equipment necessary to perform procedures at the appropriate areas of the body. CT guided procedures include biopsies (where a sample of tissue needs to be extracted from patient's body using a biopsy needle for further analysis) and fine needle aspirations (where a thin needle is passed through the skin to sample fluid or tissue from a cyst or solid mass) of the lung, liver, nodes, bones, etc. There are also therapeutic injections of joints, nerve roots and epidural, also radiofrequency ablation and drain placements [2] .
In this paper, our primary aim is to present results supporting the use of a 2D infrared navigation system for CT guided procedures. We would like to demonstrate how it can help improve the operator's spatial reference. We also present possible benefits and practicality of designing a 3D needle tracking device as part of a simulation and training module allowing for real-time needle placement in any plane to help improve trainee operator's ability to perform successful biopsies. The considered 3D system would present the trainee surgeons with a simulated environment, where they could plan and practice biopsy procedures prior to performing them on a real patient. In a survey taken from a group of 32 radiologists and registrars who perform CT procedures at the Princess Alexandra Hospital, there was an overwhelming support for a CT guided simulation and training module [3] .
Augmented Reality (AR), which is based on mixing real and virtual environments to boost human interactions and real-life navigations. The collaboration of AR and photogrammetry opens up new possibilities in the field of 3D data visualisation, navigation and interaction. In medicine, measurements and numerical information become more and more important. For several reasons photogrammetry has proved to be of great value for such purposes [4] 1. positioning the patient, applying skin markers and performing a CT scan;
2. assessing the image for safe biopsy path, measuring the desired entry angle and determining the skin entry point (Fig. 1); 3. marking the skin entry point on the patient;
4. inserting the biopsy needle at predicted angle;
5. advancing the needle in a stepwise fashion, re-imaging the patient at each step to determine any required corrections in trajectory (Fig. 2) ; and 6. confirming the needle position prior to taking biopsy.
Inserting the biopsy needle at a predicted angle and advancing it along a desired path is a challenging task that requires much practice and experience as well as sound judgement in spatial reference. To ensure the accuracy and safety of the procedure, the radiologists typically advance the needle in a stepwise fashion, reimaging the patient at each stage to determine any required corrections in trajectory.
A shortcoming of the current freehand biopsy method is the difficulty to accurately place the needle at a desired angle. This is caused by the lack of spatial references and also the weight of the needle hub which can alter the angle during a scan. Another problem is that it takes multiple intermittent scans to accurately determine the needle trajectory, which causes unnecessary radiation exposure to the patient and the operator [6] , while at the same time being quite time consuming. There is an excess dose of about 1 mGy per procedure for the patient, although this is low and is unlikely to cause any detrimental effect, such as cancer, there is a radiation protection guideline called "as low as reasonably achievable" (ALARA). This guideline states that if any method that can be implemented to reduced or eliminate radiation dose, it must be implemented in any radiology department [6] .
There are also some biopsy scenarios where the lesion being biopsied is difficult to get to. In such scenarios, the radiologists use "double angle", i.e., the needle is angled in two planes, left/right and up/down. In order to hit the target, the angles need to be very precise. At present to get around this, the CT gantry is tilted to the required angle. The radiologist then inserts the needle into the patient, and uses the gantry laser lights as a guide for the up/down angle as required [7] . Laser guidance devices are also used to help guide probe placement in order to reduce procedure time and improve targeting accuracy [8] . Newer CT scanners, however, are often unable to tilt the gantry because of size and engineering challenges [9] .Consequently, there is a developing need for an alternative method of performing the double angled biopsies under CTguidance.
In this paper, we look at results of a preliminary study, where a dual 2D simulation and training system developed as a proof of concept was used for infrared guided biopsies. We then discuss the feasibility and issues concerning the extension of the 2D system to 3D-the work which is currently underway at the Princess Alexandra Hospital. The long-term goal of our work is to create a system capable of rendering a volume comprising of both real-time position data being received from the biopsy needle and the 3D data from CT image slices. If such a system can be realised, and can be shown to be both accurate and reliable, it could then be integrated with CT scanners for use in real-time 3D guidance systems that help surgeons in real life biopsy procedures.
Extensive literature review was conducted and various surgical tracking devices [10] have been investigated. These methods and devices are based on a number of different working principles and technologies. The three main types of tracking devices are mechanical, electromagnetic and optical [11] . Examples of these are summarised below:
o The mechanical trackers are highly accurate and stable, but they are large in size and their use is limited to specific procedures where they will not interfere with the surgical routine [12] .
o The optical trackers are, in general, not only more accurate, than both the mechanical and electromagnetic trackers, but also tend to have a larger field of measurement. The optical tracers are constrained, however, to be in a line-of-sight with the surgical instrument being tracked [13] . In the proposed 3D simulation and training module there would be three infrared camera detectors which would keep track of the needle's position at all times.
o The electromagnetic trackers use an electromagnetic field generator along with a number of small electromagnetic coils embedded in surgical instruments [14] . The shortfall of electromagnetic trackers is that the surgical environment must be devoid of any ferromagnetic material that could interfere with the electromagnetic field and degrade the measurement accuracy. Another problem with electromagnetic trackers is that some of the surgical instruments need to be modified to include sensor coils.
Method
Digital imaging and communications in medicine (DICOM) is widely accepted as the standard for handling, storing and transmitting medical images between health care information systems [16] . The DICOM standard was created because there was a need for a standard format that would be the same across multiple manufacturers allowing the users to retrieve images and associated information from digital imaging equipment. The DICOM standard includes the DICOM communication protocol-which is a set of rules used to send and receive medical information over a communications channel [17] .
An illustration of a single DICOM file is shown in Fig.  3 . As can be seen, a DICOM file consists of an image data part and a header part. The header contains information such as the image dimensions, modality type, scan information, patient details [18] . The size of this header varies, depending on how much header Information is stored. The image data follows the header information (the header and the image data are stored in the same file). The header information is organised in groups. For example, the group 0x0018 is the Acquisition Group, and in the example of DICOM image given in Fig. 3 contains 3 elements: the first defines the slice thickness, the second specifies the table height and the third is the gantry angle, all of which are of particular importance to this research.
The primary novel aspect of this research is the fusing of the DICOM information with the 3D data received from infrared sensors as part of a simulation and training module designed to mimic a real-life CT biopsy scenario. The proposed simulation and training module takes in a patient's CT study and based on the imaging information extracted from each slice as well as the angle and position of the entry point provided by the operator and constructs a 3D scenario for the trainee operator to practice on.
This system will track the progress of a coaxial biopsy needle with infrared reflective tape attached to its lobe as it is being inserted into the medical simulation mannequin model and towards a lesion (the biopsy target). The 3D representation of the patient's anatomy would be augmented using software design principles [19] and based on the data extracted from the DICOM header file which each slice contains and the lesion of interest is marked by the operator. Data will be sent in real-time to the system where needle position with respect to the desired path would be displayed enabling instant correction in needle trajectory to be made by the trainee operator.
The 2D guidance system used in the biopsy trial uses the polar coordinate system which specifies the position of a point by the combination of its distance to the origin, i.e., radius , and the angle between the polar axis and the line, i.e., angle . The angle is positive in counter-clockwise direction and negative in clockwise direction. The value of the angle is measured in radians, between and , or equivalently in degrees, between 0° and 360°. The distance between two points and is defined as:
.
(1) In order to construct 3D environment there needs to be data on all 3 planes X, Y and Z. A DICOM header file contains the row pixels, which can be used for the Y axis, the column pixels which can be used for the X axis and slice position that can be used for the Z axis. This information combined with patient position is enough to render an accurate 3D representation of the patient anatomy and the position of the needle in correspondence to the lesion of interest. Needle tracking and integration into a volume rendering system would thus allow a real-time needle placement in any plane.
Results
The preliminary 2D evaluation of the biopsy simulation and training module (Fig. 3 ) was conducted on a phantom in the radiology department of the Princess Alexandra Hospital. The system comprised of a biopsy needle with an infrared reflective tape on its hub, an infrared illuminator and detector, as well as a computer. The infrared detector was connected via Bluetooth to the computer which had running a needle position-tracking software specifically written for this purpose. The needle position with respect to the biopsy target was updated in real-time and displayed on a computer screen as feedback for the trainee operator facilitating accurate angle positioning of the biopsy needle. The experiment was conducted in two sessions using both freehand and infrared guided approaches. In the infrared process, the operator first marked the entry point on the phantom and captured the position using the infrared camera and computer software. They then entered a desired insertion angle and calibrated the path to the lesion using the software. The biopsy needle was then inserted into the phantom by the operator guided by the feedback from the monitor screen, thus enabling real-time trajectory corrections.
Freehand vs Infrared
The results of our preliminary evaluation are shown in Fig. 4 . For analysis we employ a number of statistical tests given in [20] with level of significance Į set to 0.05. The results of these tests are outlined below. Using absolute values in 30 trials, infrared was closer to true angle than freehand 25 times. A binomial test indicates that there is a vanishingly small probability of 25 successes in 30 trials under the null hypothesis of no difference in success rate between these two methods. Thus, the infrared guided technique achieved a significantly higher success rate than the freehand. Both the mean and median differences between each method and the true angle were smaller for infrared than freehand, also indicating that the infrared method is more accurate.
Using signed values the range of the differences was smaller for infrared than freehand, again showing that the infrared method is more precise. The sign test rejects the null hypothesis that the infrared and freehand median differences are equal ( ). Given that infrared's median difference is smaller, infrared is confirmed as superior in this case. Assuming that the dataset is normally distributed, we also employed the paired t-test, and have determined that the infrared guidance is superior to freehand method ( ).
Conclusions
Based on the results of our preliminary 2D evaluation of an infrared guided biopsy simulation, the training module has a very good potential to improve accuracy and increase confidence of trainee operators. Importantly, this should decrease the radiation exposure to the patient (currently needed to achieve accurate needle trajectory) as well as the time it takes to perform a biopsy. The results of the freehand versus infrared guided trials, confirm that these benefits translate to real improvements. The mean axial angular error significantly decreased for both operators using the infrared guidance system compared to the freehand method. Both operators found the system easy to learn and intuitive to use despite no prior training on the device. Further development of the 2D tracking system for CT images using the information from the DICOM header file and the development of a 3D augmented reality system has the potential to further improve the accuracy over traditional biopsy guidance methods by improving the operator's spatial reference, accuracy, and confidence, while decreasing radiation exposure to the patient and the time it takes to perform a biopsy.
